The most consistent biological findings in patients with depression are abnormalities in the hypothalamic-pituitary-adrenal (HPA)-axis, which can be measured using the combined dexamethasone-suppression/CRH-stimulation (Dex-CRH) test. The reactivity of the HPAaxis in this test, however, ranges over several orders of magnitude in depressed patients with comparable severity of symptoms. In this present study, we investigate which factors influence the magnitude of the response in the Dex-CRH test in 235 acutely depressed inpatients. We first examined the effects of common confounders shown to influence the HPA-axis, such as caffeine and nicotine consumption, acute stressors during the test, weight, gender, and age. Of all these variables, only female sex and nicotine consumption were positively correlated with the cortisol or ACTH response, respectively. As for the effects of psychopharmacological treatment, only the intake of carbamazepine and the fact of having relapsed under an established pharmacotherapy significantly increased the response in the Dex-CRH test, whereas the presence or absence of antidepressant treatment, the type of antidepressant treatment, or the number of ineffective antidepressant treatment trials during the index episode up to admission did not have any effect. We also found a positive correlation of the number of previous episodes, the overall HAM-D score and the severity of somatic/vegetative symptoms with the results in the Dex-CRH test. These results underline that in depressed patients this test is not majorly influenced by disease-unrelated factors. In addition, current antidepressant treatment does not appear to affect test outcome in the absence of clinical response. The influence of the number of previous episodes and relapse under pharmacotherapy suggests that HPA-axis reactivity may be altered by repetitive states of hypercortisolemia or continuous antidepressant treatment. Finally, more severe vegetative symptoms are associated with an enhanced HPA-axis activity.
INTRODUCTION
A series of clinical and preclinical data indicate that a hyperactivity of the hypothalamic-pituitary-adrenal (HPA)-axis, especially of the hypothalamic tridecapeptide corticotropin-releasing hormone (CRH), may underlie depressive symptomatology and may be an antidepressant target (Holsboer, 1999; Mitchell, 1998) . Depression-associated symptoms such as decreased food intake, reduced social interaction, increased locomotor activity, and anxiety can be provoked by central application of CRH in monkeys and rodents (Kalin et al, 1983; Owens and Nemeroff, 1991; Holsboer, 1999) . In depressed patients, hyperactivity of the HPA system is one of the most robust neurobiological findings. An increased number of CRH mRNA expressing neurons in the hypothalamus and a reduced CRH receptor binding capacity in the frontal cortex in post-mortem studies as well as increased CRH concentration in cerebrospinal fluid were reported for patients with depression (Nemeroff et al, 1984 (Nemeroff et al, , 1988 Raadsheer et al, 1994) . These data add to studies showing blunted adrenocorticotropic hormone (ACTH) response to intravenous CRH in depressed patients, which was interpreted to reflect increased hypothalamic CRH secretion stimulating pituitary corticotrophs (Holsboer et al, 1984; Gold et al, 1986) . In addition, there appears to be an altered feedback regulation of the HPA-axis via the glucocorticoid receptors in these patients, which is reflected by a basal hypercortisolemia (Halbreich et al, 1985) and cortisol escape from dexamethasone suppression (Stokes et al, 1984) as well as an increased ACTH and cortisol release in the combined dexamethasone-suppression/CRH-stimulation test (Dex-CRH test) (Heuser et al, 1994b; von Bardeleben and Holsboer, 1991; Modell et al, 1997) . So far, the Dex-CRH test appears to be the most sensitive tool to detect depression-related changes in the HPA-axis (Heuser et al, 1994b) . Changes in HPA-axis reactivity in this test are correlated with changes in depressive symptomatology. Normalization of the Dex-CRH test was shown to anticipate or parallel response to antidepressant treatment Heuser et al, 1996; Holsboer-Trachsler et al, 1991; Nickel et al, 2003) , and hyperactivity of the HPA-axis in the Dex-CRH test in remitted patient may predict relapse within the next 6 months (Zobel et al, 1999 (Zobel et al, , 2001 .
Even though over 80% of depressed patients are reported to display an increased response in this test (Heuser et al, 1994b) , cortisol and ACTH responses in acutely depressed patients actually show a broad range within (Heuser et al, 1994b) and between studies (mean peak cortisol value reported in Heuser et al (1994b) is about 200 ng/ml, while Zobel et al (2001) , Hatzinger et al (2002) , and Rybakowski and Twardowska (1999) report mean peak cortisol values from about 20 to 60 ng/ml). In our own sample, peak cortisol values range from 3.9 to 332.4 ng/ml (mean/ SD ¼ 62.6/55.3). These values are still significantly higher than the ones reported for healthy controls in Holsboer et al (1995) (mean peak cortisol value 27.3 ng/ml (SD ¼ 17.4), p ¼ 0.005 for a two-sided t-test).
The question we wanted to address in this study is which kind of factors may be responsible for this wide range of responses and what might distinguish patients with a highly dysregulated HPA-axis from those who display only a marginally hyperactive stress hormone system.
Only a handful of studies have investigated the factors influencing the magnitude of the ACTH and cortisol response in the Dex-CRH test. So far effects of age, sex, diagnosis (bipolar vs unipolar), and severity of psychopathology and of medication have been reported (Heuser et al, 1994b; Rybakowski and Twardowska, 1999; Zobel et al, 2001) . Sample sizes in these studies, however, ranged only from 40 to a maximum of 96 patients. We analyzed potential factors influencing the Dex-CRH test at admission in a sample of 235 in-patients with depressive disorders including unipolar depression (single or recurrent episode, with or without psychotic features), dysthymia, and bipolar disorder. First, the effects of general factors such as gender, age, nicotine and caffeine consumption, body weight, and number of attempts needed to place the venous catheter for the test were analyzed. In a second step, factors associated with the affective disorder itself or its treatment were investigated. These included differences in disease severity, diagnostic subtypes, disease and family history, and psychopharmacological treatment.
METHODS

Subjects
A total of 235 patients admitted to our psychiatric hospital for treatment of a depressive disorder presenting with a single or recurrent major depressive episode, dysthymia, or bipolar disorder were included in the study. The data of 67 patients were already included in Zobel et al (2001) and of 41 patients in Nickel et al (2003) . Comorbid anxiety, somatoform or substance abuse, eating or personality disorders were recorded but did not present an exclusion criterion. Overall, patients with psychiatric comorbidity represented 21.2% of the subjects. Distribution of primary DSM IV diagnoses and psychiatric comorbidities as well as other demographic data are listed in Table 1 . Depressive disorders due to a medical or neurological condition were an exclusion criterion. The study has been approved by the local ethical committee. Written informed consent was obtained from all subjects.
Study Design
Patient characteristics. Patients were included in the study within 1-10 days of admission and the diagnosis was ascertained by trained psychiatrists according to the DSM IV. Disease and history was recorded by directly questioning the patients and from medical records including age at onset, number of previous episodes (manic and depressive), and duration of the index episode. Family history was ascertained using an unstructured interview, and patients were classified as having a positive family history when at least one of the first-or second-grade relatives was reported to present with a psychiatric disorder.
Additional factors potentially influencing the Dex-CRH test. The Dex-CRH test was administered on average on day 7.9 after admission (SD ¼ 3.5, range 1-14 days). For 130 patients, the number of usually smoked cigarettes/die and cups of coffee/die as well as number of cigarettes and cups of coffee consumed on the day of the Dex-CRH test up to the test were recorded. In addition, the number of attempts Psychopathology. Severity of psychopathology at admission was assessed using the 21-items Hamilton Depression Rating Scale (HAM-D) by trained raters that included residents in psychiatry and psychologists. In addition to the overall score of the HAM-D, the factorial subscales 'vegetative depression' and 'cognitive depression' according to Overall and Rhoades (1982) were used. Patients also filled out the Beck Depression Inventory (BDI) as a self-rating scale.
History of psychopharmacological treatments. Treatment history was obtained from medical records and from questioning the patients and included the number and type of antidepressant treatment attempts overall and in the present episode and whether the episode exacerbated under an established pharmacotherapy or not. It was also recorded whether patients were treated with mood stabilizers or not, especially lithium and carbamazepine as these drugs have been previously shown to influence the Dex-CRH test (Bschor et al, 2002; von Bardeleben et al, 1988) . The presence of benzodiazepine treatment at the time of the Dex-CRH test was also noted. Satisfactory and unambiguous information could not be obtained for all items in all patients, so that the number of analyzed patients varies slightly among subtests.
The Dex-CRH Test
The Dex-CRH test was performed as described in detail in Heuser et al (1994b) . Briefly, patients were pretreated with 1.5 mg of dexamethasone per os at 2300. The following day a venous catheter was placed at 1430 and blood was drawn at 1500, 1530, 1545, 1600, and 1615 into tubes containing EDTA and trasylol (Bayer Inc., Germany). At 1502 100 mg of human CRH (Ferring Inc., Kiel, Germany) was administered intravenously. The following parameters were chosen to describe the reaction of the HPA-axis to the Dex-CRH test: (1) the plasma cortisol (CORT 1500 ) and ACTH (ACTH 1500 ) concentration at 1500 before administration of CRH reflecting solely the suppressive effect of dexamethasone; (2) the net area under the curve for the cortisol (C AUC ) and ACTH (A AUC ) concentration curve of the five consecutive blood samples and the maximal cortisol and ACTH concentration (C MAX and A MAX ) reflecting the stimulating effects of CRH administration.
Hormone Assays
Hormone assays were identical to those described in detail in Zobel et al (2001) . Briefly, for the measurement of plasma cortisol concentrations, a radioimmunoassay (RIA) kit from ICN Biomedicals, Carson, CA was used where the detection limit was 0.3 ng/ml. For plasma ACTH concentrations, an immunometric assay without extraction (Nichols Institute, San Juan Capistrano, CA) was used, with a detection limit of 4.0 pg/ml.
Statistical Analysis
For the C AUC and the A AUC , the area under the concentration-time course curve was computed using a trapezoidal integration corrected for baseline (values of cortisol and ACTH concentration at 1500). Statistical analyses were controlled for by age and sex, as previous papers suggested an influence of these factors on the Dex-CRH test (Heuser et al, 1994b; Zobel et al, 2001) . Correlation analysis was used to investigate the influence of sex and age in our sample. Partial correlation analyses controlling for sex and age were used to examine the influence of numerical variables on the Dex-CRH test and a nonparametrical correlation analysis for the number of attempts to place a venous catheter, as for only nine subjects more than one attempt was needed. Owing to large sample size differences between compared subgroups for categorical variables, the requirements for parametric tests may have been violated. Therefore, nonparametric tests such as the Kruskall-Wallis H-test and Mann-Whitney U-test were used. In case of significant association, data were also analyzed with a parametric test, a general linear model with sex and age as covariates in order to assure that effects were not due to group differences in sex and age. To analyze the effects of sex, a general linear model with only age as covariate was taken. The Fisher LSD test was then used as post hoc test. In order to investigate whether highly correlated factors contribute equally or not to the Dex-CRH test, multiple regression analyses (simultaneous inclusion model) with either cortisol-or ACTH-related parameters as the dependent variable were performed. For all parameters, the mean group values are reported. A p-value o0.05 was taken as the limit for statistical significance. Results with significance levels of po0.10 are reported as trends. In case of multiple group comparisons, significance levels were adjusted according to Bonferroni-Holm (Holm, 1979) .
RESULTS
Effects of Patient Characteristics on the Dex-CRH Test
Correlation analysis showed a significant effect of sex on C AUC (r ¼ 0.135, p ¼ 0.04) and C MAX (r ¼ 0.176, p ¼ 0.007), with female patients displaying higher values. There was no effect of sex on CORT 1500 or any of the ACTH parameters. Analyses with a general linear model revealed similar results. Female patients had significantly (po0.05) higher mean C MAX values (44.2 7 SEM 3.5 for female and 29.4 7 4.4 for male patients) and C AUC values (1857.1 7 170.6 for female and 1272.4 7 213.6 for male patients). Correlation analysis showed no effect of age on any of the investigated parameters, with correlation coefficients not exceeding 0.08. Nonparametric analysis did not show a significant difference in any of the parameters of the Dex-CRH test between bipolar (n ¼ 32) vs unipolar (n ¼ 199) patients. There was also no significant difference in any of the parameters of the Dex-CRH test in psychotic (n ¼ 28) vs nonpsychotic (n ¼ 204) patients. Psychotic patients, however, displayed a trend (p ¼ 0.10) for higher CORT 1500 values (31.1 ng/ml (SEM ¼ 4.9) for psychotic patients and 22.9 ng/ml (1.8) for nonpsychotic patients). Nonparametric analysis did not detect any effect of the presence of comorbid psychiatric disorders overall (n ¼ 50 of 235) or for the presence of comorbid alcohol abuse (n ¼ 14), anxiety (n ¼ 26), personality (n ¼ 10), or somatoform disorder (n ¼ 5) analyzed individually. Lower CORT 1500 values could be observed in patients with a positive family history (n ¼ 124) than in patients with a negative family history (n ¼ 103) (analysis with general linear model: F 1,218 ¼ 4.6; p ¼ 0.03; analysis with MannWhitney test: p ¼ 0.08), but no significant differences in any of the other parameters. A partial correlation analysis showed a significant positive correlation of the number of previous episodes with C AUC (r ¼ 0.18; po0.01), C MAX (r ¼ 0.16; p ¼ 0.022) and A MAX (r ¼ 0.14; p ¼ 0.041) and a trend for A AUC (r ¼ 0.12; p ¼ 0.075), but no correlation of any of the investigated parameters with age of onset or duration of the index episode (see Table 2 ).
Effects of Additional Factors on the Dex-CRH Test
In a partial correlation analysis controlling for sex and age, there was no significant association of the BMI with any of the parameters except for a trend for a negative correlation with ACTH 1500 (r ¼ À0.13; p ¼ 0.078). There was no significant correlation with the amount of consumed cups of coffee overall and on the day of the Dex-CRH test and with the number of attempts needed to successfully place a venous catheter. There was a significant positive correlation for the number of cigarettes smoked per day and A AUC (r ¼ 0.27; p ¼ 0.015) and A MAX (r ¼ 0.29; po0.01) but not for ACTH 1500 or any of the cortisol-related values. The difference of usually smoked cigarettes to those smoked on the day of the Dex-CRH test showed no significant correlation with any of the parameters (see Table 3 ).
Effects of Psychopathology on the Dex-CRH Test
In a partial correlation analysis, a significant positive correlation between the overall HAM-D score and CORT 1500 (r ¼ 0.17; po0.02) and a trend for a correlation with ACTH 1500 (r ¼ 0.11; p ¼ 0.09) was found. This was also true for the HAM-D subscale for 'vegetative depression' (CORT 1500 : r ¼ 0.16, po0.05; ACTH 1500 : r ¼ 0.13, p ¼ 0.06) but not for 'cognitive depression'. Overall scores of the BDI did not show a significant correlation with any of the investigated parameters (see Table 4 ).
Current Psychopharmacological Treatment
We first investigated whether the type of current antidepressant treatment affected the outcome of the Dex-CRH test. In all, 32 patients did not receive any medication at the time of the Dex-CRH test. The other patients were divided according to the class of the administered antidepressants, the largest groups being selective serotonin reuptake inhibitors (SSRIs) (N ¼ 58), tricyclic antidepressants (N ¼ 37), and mirtazapine (N ¼ 27). A general linear model 
Age of onset N ¼ 235, number of previous episodes N ¼ 208, duration of index episode N ¼ 227. We then separately focused on the effects of lithium and carbamazepine on the test, cortisol and ACTH responses of patients receiving lithium at the time of the Dex-CRH test (n ¼ 21), carbamazepine (n ¼ 9), or neither of those (n ¼ 167) were compared (see Figure 1) . A Kruskal-Wallis test showed overall treatment effects for C AUC (p ¼ 0.007), C MAX (p ¼ 0.022), and A AUC (p ¼ 0.018) and A MAX (p ¼ 0.038). Post hoc analysis (Mann-Whitney test) showed no significant differences for all variables between patients receiving neither lithium nor carbamazepine and patients treated with lithium and between patient treated with lithium or carbamazepine. All the above-cited parameters, however, were significantly higher in patients treated with carbamazepine vs patients not receiving mood stabilizers. Similar overall results were found in the parametric analysis. A significant overall effect of the different treatment modalities was observed for C AUC (F 2,197 (F 2,197 ¼ 12.1; po0.001), but not for CORT 1500 or ACTH 1500 . There were no significant differences in any of the parameters between patients receiving any benzodiazepines at the time of the Dex-CRH test (n ¼ 118) or not (n ¼ 108).
History of Psychopharmacological Treatment
A partial correlation analysis showed no correlation of any of the investigated Dex-CRH test parameters with the number of antidepressant treatment trial in the index episode or overall. Nonparametric analysis showed significant differences between patients whose episode started under an established psychopharmacotherapy (n ¼ 36) vs patients who were not treated (n ¼ 160) at the time of the onset of the current episode (see Figure 2) To investigate whether the effects of relapsing under an existing psychopharmacotherapy were only due to the effects of lithium or carbamazepine, only patients not receiving either lithium or carbamazepine were compared for the effect of relapsing under pharmacotherapy (n ¼ 17)
vs relapsing without pre-established pharmacotherapy (n ¼ 127). Here a parametric analysis still showed significantly higher values for patients who relapsed under pharmacotherapy for C AUC (po0.001), C MAX (po0.001), A MAX (p ¼ 0.04) and a trend for A AUC (p ¼ 0.08) but not for any of the other values.
Multiple Regression Analysis
Relapse under pharmacotherapy, intake of mood stabilizers, and the number of previous episodes are likely confounding factors of each other. To assess the individual contribution of these three factors, we used a linear regression analysis (also including sex and age as variables) with C AUC , C MAX , A AUC , and A MAX as the dependent variables. For C AUC , there was an overall significant influence of these variables 
DISCUSSION
The results of this study suggest that not many factors known to influence the HPA-axis in general are correlated with the magnitude of the cortisol or ACTH response in the Dex-CRH test of acutely depressed patients. As for psychopharmacological treatments, current antidepressant treatment does not appear to affect test outcome in the absence of clinical response. On the other hand, relapsing under an established pharmacotherapy leads to an accentuation of depression-related HPA-axis abnormalities. We could replicate the finding that the severity of the disease correlates positively, albeit not very strongly, with HPA-axis hyperfunction. Interestingly, only the severity of vegetative symptoms, including sleep and appetite abnormalities and other somatic symptoms, but not the symptom complex directly related to depressive mood correlated with the Dex-CRH test.
Factors Related to Patient Characteristics
The influence of sex and age on the HPA-axis has been documented in several studies. In our sample, we observed a strong influence of sex on the cortisol but not on the ACTH response in the Dex-CRH test, with female patients displaying higher values. These data are in accordance with the results from Heuser et al (1996) , where healthy women show higher cortisol and ACTH plasma concentrations than healthy men, and with the data from Zobel et al (2001) , who report a trend for a higher cortisol response in the Dex-CRH test in depressed females than in males. In addition, the reciprocal influence of female sex hormones and the HPAaxis has been well established in clinical and preclinical studies. In rodents, female animals have a more pronounced activation of the HPA-axis following stress than male animals. Overall, data indicate that while estrogens can enhance HPA-axis activity (also by directly stimulating CRH expression), androgens appear to have the opposite effect (see Handa et al (1994) and Magiakou et al (1997) for review). Recently, estrogen beta-receptors have been found to be colocalized with vasopressin in the paraventricular nucleus, indicating that direct effects of estrogen on hypothalamic stress peptides are possible (Isgor et al, 2003) . In fact, the HPA-axis enhancing effects of estrogens but not androgens might be one factor contributing to the higher prevalence of mild to moderate depressive disorders in women (Wittchen et al, 1994) . In contrast to other reports, we did not observe any influence of age on the magnitude of the HPA-axis response in depressed patients. Previous studies using smaller sample sizes have reported an influence of age on the CRH stimulation test in depressed patients (von Bardeleben and Holsboer, 1991) and a better discrimination of the Dex-CRH test and dexamethasone suppression test between patients and controls if subjects were matched by age (Bryer et al, 1985; Heuser et al, 1994a) . Davis et al (1984) also found a higher percentage of depressed patients with hyperactive HPA-axis, as measured by the dexamethasone suppression test, among older individuals. Several animal studies have also reported an effect of age on the responsiveness of the HPA-axis, with the hypothalamic peptide vasopressin (synergizing ACTH release with CRH) being an important element in agerelated changes (for review see Hatzinger et al, 2000; Keck et al, 2000; Swaab, 1995) . At least for acutely depressed patients, our study cannot confirm these findings. In our sample, disease-related factors may override the effects of age.
Opposing previous studies on HPA-axis abnormalities in bipolar depressed patients, we did not find a significant difference in cortisol and ACTH responses in the Dex-CRH test of bipolar vs unipolar. In a small study performed by Rybakowski and Twardowska (1999) , a significantly higher cortisol response in the Dex-CRH test was found in patients with bipolar disorder as compared to patients with unipolar disorder. Even though in our sample the mean responses in 
Factors influencing the Dex-CRH test
HE Künzel et al the Dex-CRH test in bipolar patients were elevated compared to unipolar depressed patients, this difference did not reach statistical significance. In the study by Rybakowski and Twardowska (1999) , unipolar depressed patients only showed a marginal HPA-axis abnormality, which is an observation that we also made for a proportion of our patients. The dramatically different Dex-CRH test response in bipolar vs unipolar patients may be a result specific to outliers in this rather small sample of patients (16 bipolar and 24 unipolar patients). A series of studies have observed an increased HPA-axis activity in psychotic patients. A consistent finding in these studies is the fact that psychotic depressed patients are significantly more often nonsuppressors in the DST and a more recent paper described an increased 24 h ACTH secretion in psychotic depressed vs nonpsychotic depressed patients and healthy controls (Nelson and Davis, 1997; Posener et al, 2000) . In accordance with these findings, we found a trend for higher CORT 1500 values in psychotic patients. CORT 1500 values represent the post-dexamethasone cortisol values before CRH stimulation and are thus comparable to the DST. We did however not find any differences between psychotic and nonpsychotic in the cortisol or ACTH response following CRH stimulation. This suggests that HPA-axis abnormalities in psychotic patients may be limited to HPA-axis functions specifically tested in the DST but not the CRH stimulation, likely more closely related to glucocorticoid receptor resistance and not hypothalamic CRH or vasopressin hyperdrive. There was no correlation of age of onset and duration of the index episode with the cortisol and ACTH responses in the Dex-CRH test. We could, however, observe a positive correlation of the ACTH and cortisol response with the number of previous episodes. Similar results were shown by Hatzinger et al (2002) , who also found a positive correlation of the number of previous episodes with the cortisol response in the Dex-CRH test but not the overall duration of illness. Repetitive states of HPA-axis hyperactivity may by themselves alter the responsiveness of the stress-hormone system, by for example changing the DNA-methylation status in the promoter regions of glucocorticoid-responsive genes (Kagoshima et al, 2001; Thomassin et al, 2001 ). The number of previous depressive episodes is, however, confounded by two factors that are also associated by an increase in Dex-CRH test response, the intake of carbamazepine and the fact of relapsing under an established pharmacotherapy. Further below we will discuss the results of a regression analysis, trying to evaluate which of these three factors individually contribute to the increased HPAaxis activity.
Additional Factors Influencing the Dex-CRH Test
Several studies have described that nicotine stimulates central stress-related structures and increases ACTH and cortisol release in laboratory animals (Matta et al, 1998; Rhodes et al, 2001) . Indeed, we also observed an influence of the number of smoked cigarettes per day on the ACTH but not on the cortisol response in the Dex-CRH test. An HPA-axis stimulating effect has also been described for nicotine withdrawal (Frederick et al, 1998; Pickworth et al, 1996) . Nevertheless, we did not observe a correlation between the difference of usually smoked cigarettes/day and those smoked on the day of the Dex-CRH test and the ACTH and cortisol response in the Dex-CRH test.
Caffeine intake is able to activate directly the HPA-axis (Nicholson, 1989; Nicholson et al, 1987; Holsboer-Trachsler et al, 1987) and could thus potentially influence the response in the Dex-CRH test. In this sample of acutely depressed patients, we did not observe an effect of caffeine. We also did not observe a significant influence of the BMI on the responsiveness of the HPA-axis. Several studies suggest a close relationship between factors secreted by the adipose tissue, such as leptin, and the HPA-axis (Casanueva and Dieguez, 1999) . Obese subjects have been reported to have a markedly higher cortisol and ACTH response in the CRH stimulation test than lean subjects (Faloia et al, 2000) . No effect of the number of attempts needed to place a venous catheter, which would represent a mild to moderate acute stressor to patients, was noted. Numerous animal and human studies have shown the HPA-axis activating effects of acute stress (Habib et al, 2001; Miller and O'Callaghan, 2002) . Our findings are, however, in accordance with a study by Oshima et al (2001) , where no effect of acute stressors including cold stress and psychological stressors was observed on the Dex-CRH test in healthy volunteers.
Overall, the fact that we did not observe a consistent influence of factors that are known to stimulate or modulate HPA-axis activity on the Dex-CRH in depressed patient may indicate a ceiling effect of HPA-axis stimulation by the depressive disorder itself. Other modulators may not be able to alter or enhance this pre-existent state of hyperreactivity in depression.
Psychopathology
A series of previous studies have documented an influence of the severity of the psychopathology on the magnitude of the HPA-axis response in the Dex-CRH test. Zobel et al (2001) reported a direct positive correlation of the HAM-D scores with the cortisol response in the Dex-CRH test. In our sample, we also found a significant positive correlation of the HAM-D score at admission and CORT 1500 but not C AUC or C MAX . In contrast to Zobel et al (2001) , our calculation for the area under the curve of the cortisol response is corrected by the baseline cortisol value CORT 1500 . If the cortisol AUC values not corrected for baseline are used (as used in Zobel et al, 2001) , we also find a positive correlation of the HAM-D scores with the overall cortisol response. Our data are also in agreement with data reported for the dexamethasone suppression test, which is comparable to the CORT 1500 value .
When analyzing the factorial HAM-D subscales 'cognitive depression' vs 'vegetative depression' according to Overall and Rhoades (1982) , significant correlations were only found with the subscale reflecting the severity of vegetative symptoms including somatic anxiety and somatic symptoms such as hypochondriasis, sleep disturbances, decreased appetite, decreased libido, and diurnal variation. This is in accordance with the hypothesis of an enhanced CRH neurotransmission in depression influencing both the HPA-axis and limbic systems. Work in laboratory animals indicates that increased CRH neurotransmission may be responsible for a series of the symptoms seen in depression.
Intracerebroventricular administration of CRH in monkeys and rodents leads to anxiety, anorexia, and sleep disturbances in these animals (Holsboer, 2000 for review) . This may also suggest that increased CRH activity in depressed patients only mediates a part of the spectrum of clinical symptoms seen in depression and that patients with prominent somatic complaints may belong to a biologically distinct subtype of this disorder.
Effects of Psychopharmacological Treatment
We could not show an association of presence or absence of antidepressant treatment, the type of antidepressant treatment or of the number of previous ineffective antidepressant treatment attempts before hospitalization and the results of the Dex-CRH test, indicating that the reported normalizing effect of antidepressant treatment on the Dex-CRH test is actually dependent on clinical improvement and not just a pharmacological side effect Holsboer-Trachsler et al, 1991; Nickel et al, 2003) . On the other hand, the fact of relapsing under an established prophylactic psychopharmacotherapy enhances the ACTH as well as cortisol response. As mood stabilizers are often used as prophylactic treatment, this effect may be attributable to Dex-CRH test response-enhancing effects of carbamazepine and lithium. Similar to our findings, von Bardeleben et al (1988) reported that carbamazepine increases ACTH and cortisol concentration at baseline and after CRH stimulation and Zobel et al (2001) a carbamazepine-induced increase in ACTH and cortisol in the Dex-CRH test. These observations may be explained by the fact that this drug induces CYP3A3/4 (a member of the cytochrome P450 family) activity leading to an increased metabolism and clearance of dexamethasone via CYP3A3/4 and thus to lower dexamethasone plasma concentrations and insufficient suppression of the HPA-axis in the test (Guthrie, 1991; Wang and Ketter, 2002) . Lithium has also been shown to independently increase HPA-axis activity (Bschor et al, 2002 ). In our sample, patients treated with lithium showed nonsignificantly higher responses in the Dex-CRH test than patients not receiving any mood stabilizers, so that we cannot fully confirm the effects observed by Bschor et al (2002) in this sample. It has to be pointed out, however, that we investigated only 21 patients treated with lithium at the time of the Dex-CRH test. The effect of relapsing under psychopharmacotherapy, however, remained significant when only patients not receiving any mood stabilizers but antidepressant drugs alone were analyzed. One possible explanation of this effect may be that patients relapsing without an established pharmacotherapy are also more likely to have no medication at the time of the test. Indeed 26 patients in this group vs only two in the treated group were medicated at the time of the test. The cortisol and ACTH response in the group of patients not medicated at the time of the Dex-CRH test however did not differ from medicated patients. In our view, the intake of antidepressants at the onset of an episode does appear to have an independent effect on HPA-axis reactivity, even though it may be months from the actual test. The enhanced HPA-axis reactivity in patients relapsing under antidepressant treatment may be the consequence of the effects of antidepressant-induced changes in gene expression in a variety of tissues. Altered hepatic metabolism of glucocorticoids including dexamethasone due to changes in cytochrome P450 enzyme activity may change the baseline activity of the HPA-axis. It has also been shown that the transport of glucocorticoids through the blood-brain barrier via transporter molecules such as p-glycoprotein is essential for the regulation of the HPA-axis (Uhr et al, 2000; Uhr and Grauer, 2003) . Antidepressant drugs are not only substrates for p-glycoprotein but in vitro experiments have shown that they can by themselves alter p-glycoprotein function (Pariante et al, 2003) . Furthermore, antidepressants have been shown to increase gene expression in selected brain regions, including the expression of glucocorticoid and mineralocorticoid receptors (for review see Holsboer and Barden, 1996) . Brain-specific changes in gene expression as well as an altered activity of cytochrome P450 enzymes or of p-glycoprotein could result in a basal imbalance of the HPA-axis. In case of relapse, this may then contribute to the excessively enhanced activity of this system.
Regression Analysis
As stated above, we found that the number of previous episodes, the intake of carbamazepine and lithium, and the relapse under an established pharmacotherapy were all positively correlated with the response in the Dex-CRH test. These three variables, however, strongly interact with each other, making an interpretation of the data difficult. To identify which of these factors contribute independently to the cortisol or ACTH response, we performed a regression analysis, including these three variables as well as sex and age. Regression analysis revealed that only relapse under pharmacotherapy and female sex appeared to contribute significantly to the response in the Dex-CRH test. A regression analysis gives the independent effect of a variable on a criterion controlling for the effects of the other variables. When the variables are highly correlated, which is the case in our sample, a nonsignificant contribution of a variable does not exclude any relevant effects at all, but indicates that the effects are better represented by those variables with a significant contribution. It is thus possible that repetitive states of HPA-axis hyperactivity during previous depressive episodes as well as an altered HPAaxis set point due to continuous antidepressant intake, both enhance HPA-axis reactivity. It is also conceivable that patients with a recurrent depressive disorders, who are more likely to relapse under pharmacotherapy, represent a biologically distinct subgroup of patients, featuring enhanced cortisol and ACTH responses in the Dex-CRH test.
Conclusions
Overall, our data indicate that in acutely depressed inpatients, the Dex-CRH test is only influenced by few variables. The most important variables to control for in interpreting this test seem to be gender and the intake of carbamazepine, while other factors such as age, the presence or absence of antidepressant medication, or the type of antidepressant medication do not appear to have a strong influence. Cigarette consumption only has to be accounted for when analyzing the ACTH response. The fact that acute stress does not appear to impact test results, suggests that the wall-through technique may not be required. Keeping consistent conditions for all investigated patients regardless of the used technique is nevertheless immensely important. We believe that the results of this study could facilitate the design and interpretation of future Dex-CRH test studies and may therefore enhance its clinical usefulness. It has to be mentioned that all data have been collected in in-patients, so that these findings may not be directly extended to an outpatient setting.
The range of responses in the Dex-CRH test in depressed patients is thus influenced by several factors, including treatment modalities. There is, however, an independent effect of disease-related elements that explains part of this variance. A higher number of recurrent episodes and more prominent somatic symptoms are correlated with a more dysregulated HPA-axis. One possible interpretation of these data is that there might be biologically distinct subtypes of patients with depression who could be distinguished according to their HPA-axis status during a depressive episode, especially if treatment modalities are taken into account. In fact, an insertion/deletion polymorphism in the angiotensin converting enzyme gene has been associated with a genotype-dependent difference in the magnitude of the Dex-CRH test (Baghai et al, 2002) . One might therefore envisage to use this test as an endophenotype to distinguish pathogenetically different and genetically more homogeneous groups of depressed patients for genetic case/control association studies (Almasy and Blangero, 2001 ).
